Abstract: In order to investigate the age group which shows constant hepatocellular proliferation rates in normal male Wistar Hannover GALAS juvenile rats, cell proliferation in the left lateral, the right lateral, and the right medial lobes of the liver was evaluated by BrdU labeling index (LI%) at 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, . It is reported that age-related differences were seen in cell proliferation rates of the liver in F344 rats 5 . Therefore, it is important to use suitable aged rats, which show constant rates of hepatocellular proliferation. This information will provide useful foundation in toxicity studies to evaluate hepatocellular proliferation. Recently, Wistar Hannover GALAS rats were established as a worldwide standardized Wistar strain for minimizing genetic divergence by Taconic, M&B and CLEA Japan, Inc. and have been supplied and used for some toxicity studies since 1999. In the present study, we examined the rates of hepatocellular proliferation at different ages from 4 to 16 weeks old in order to identify the age group, which shows a constant cell proliferation rate in normal male Wistar Hannover GALAS juvenile rats.
Hepatocellular proliferation is one of many essential factors involved in the non-genotoxic carcinogenesis process 1, 2 . It has been evaluated as an important indicator for detecting non-genotoxic carcinogens in replicative DNA synthesis (RDS) tests 3 and other subacute studies on mice and rats 4 . It is reported that age-related differences were seen in cell proliferation rates of the liver in F344 rats 5 . Therefore, it is important to use suitable aged rats, which show constant rates of hepatocellular proliferation. This information will provide useful foundation in toxicity studies to evaluate hepatocellular proliferation. Recently, Wistar Hannover GALAS rats were established as a worldwide standardized Wistar strain for minimizing genetic divergence by Taconic, M&B and CLEA Japan, Inc. and have been supplied and used for some toxicity studies since 1999. In the present study, we examined the rates of hepatocellular proliferation at different ages from 4 to 16 weeks old in order to identify the age group, which shows a constant cell proliferation rate in normal male Wistar Hannover GALAS juvenile rats.
A t o t a l o f 6 5 m a l e s p e c i f i c p a t h o g e n -f r e e BrlHan:WIST@Jcl (GALAS) rats, approximately 3 or 4.5 weeks of age, were purchased from CLEA Japan, Inc. The animals were single-housed in wire-mesh cages in an airconditioned room (temperature, 22 ± 2°C; humidity, 55 ± 10%; light cycle, 12 hr/day). Food (Oriental Yeast Co., LTD., Japan) and water were available ad libitum. Each five rats were sampled at 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 weeks of age. Each animal was given a single intraperitoneal injection of 5-bromo-2'-deoxyuridine (BrdU: Tokyo Kasei Kogyo Co., Japan) at 100 mg/kg body weight, two hours prior to sacrifice. Animals were weighed, sacrificed under diethyl ether anesthesia, and necropsied. The livers were removed, weighed, and examined for the presence of grossly visible lesions. Each portion of the left lateral (LL), the right lateral (RL), and the right medial (RM) lobes of the liver was immediately cut out, fixed in 10% neutral buffered formalin for 24 hr., embedded in paraffin, sectioned at 4-µm thickness, and stained routinely with hematoxylin and eosin (HE) for histopathological evaluation. Immunohistochemical staining was performed according to the avidin-biotin complex (ABC) method (VECTSTAIN ABC Kit: Vector Laboratories Inc., Canada). To demonstrate BrdU labeling index, liver sections were deparaffinized and treated with 0.3 % H 2 O 2 (22°C, 30 min.), 2 N HCl (37°C, 30 min.), trypsin (0.05% in phosphatebuffered saline, 37°C, 3 min.), antibody to BrdU (DAKO, Japan) (dilution 1:800, 4°C, overnight), ABC and hematoxylin. For the calculation of BrdU labeling index (LI%), labeled nuclei and total nuclei were scored in approximately 1,800-2,500 hepatocytes per liver under a ×40 objective with the aid of an image analyzer (IPAP; Image Processor for Analytical Pathology: Sumika Technoservice Co., Japan). LI% of individual animals was determined by dividing the total number of BrdU-labeled hepatocytes by the total number of hepatocytes. Means and standard error (SE) were calculated. Statistical analysis of LI% was determined using Tukey's multiple comparison test.
The absolute weight and relative weight of the liver showed an increase and a decrease with increasing age, respectively (Fig. 1) . Figure 2 depicts the LI% of the three hepatic lobes from rats of different ages. Aged-related statistically significant differences in the LI% were seen in the 4 week-old rats, which were higher than those of the 5-16 (RL and RM lobes) or the 6-16 (LL lobes) week-old rats and in the 5 and 6 week-old rats, which were higher than those of the 8-16 week-old rats. Statistically or biologically significant differences in the LI% were seen in the 7 weekold rats, which were higher than those of the 8-16 week-old rats. On the other hand, interlobular differences in the LI% were not observed in rats of any age. The BrdU-labeled hepatocytes were mainly observed at the periportal and midzonal regions. Neither necrosis nor degeneration of hepatocytes was observed histologically in any rats.
In a previous study, it was shown that interlobular differences in hepatocellular proliferation are observed in the Alderley Park Wistar rats (6-7 week-old) before or after treated with phenobarbital 6 . In addition, interlobular differences in hepatocellular initiation and the incidence of γ-glutamyl transferase-positive foci were observed in the F344 rats treated with diethylnitrosamine 7 . These results suggested that interlobular differences in cell proliferation might play a role in generating interlobular differences in hepatocellular carcinoma. In our study, no clear interlobular differences in LI% of the liver was seen in normal male Han Wistar juvenile rats. However, it may be necessary to further investigate interlobular differences in hepatocellular sensitivity for mitogens or carcinogens.
In juvenile aged-related differences in hepatocellular proliferation, our results demonstrated that LI% was significantly increased from 4 to 7 weeks of age and lower rate values were shown constantly from 8 to 16 weeks of age, although a decrease in LI% was seen only once at 15 weeks of age. The absolute liver weight gains were remarkably elevated from 4 to 8 weeks of age. Thus, it seemed that liver weight gains have some relationship with hepatocellular proliferation in juvenile age rats. On the other hand, the incidences of RDS in isolated hepatocytes of the control animals exhibited a constant value from 9 weeks of age or above in juvenile F344 rats, thus the 9 week-old rats were selected for RDS test 8 . Furthermore, Eldridge et al. 5 indicated that hepatocellular proliferation rates in male F344 rats showed a constant value from 10 weeks of age or above. Our present study suggested that the age showing a constant cell proliferation rate in male Wistar Hannover GALAS juvenile rats was a little younger than one in male F344 rats, although the age-related change patterns in both strains of the rats were similar. We have to consider these juvenile aged-related changes and use the rats of suitable age group, which give constant incidences of hepatocellular proliferation in the toxicity studies to evaluate hepatocellular population.
